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Spontaneous formation of a stationary cylindrical 
density-cavity has been observed in the HYPER-I 
device. This structure is referred to as plasma hole by 
the visual impression of end-view CCO image. From the 
viewpoint of ion-flow structure, it has been identified as 
Burgers vortex, which is a stationary vortex structure 
with a Gaussian vorticity distribution and intrinsic in 
viscous fluids. Plasmas have so far been considered as 
inviscid fluids, however, the formation of plasma hole 
implies a novel feature of plasma as a viscous fluid. 
Furthermore, the size of the plasma hole indicates 
viscosity anomaly, which is three orders of magnitude 
higher than the classical value. Although the generation 
mechanism of viscosity anomaly is not fully clarified 
yet, insufficient shielding of radial electric field due to 
quasi-neutrality breaking is a possible candidate. In this 
report, we present the two-dimensional potential profile 
associated with plasma hole and evaluate the degree of 
quasi-neutrality breaking by use of Poisson's equation. 
The floating emissive probe method has been 
adopted to measure the plasma potential. The insertion 
angle of the emissive probe can be changed up to ±34 
degrees with 2 degrees of increment. By virtue of the 
reproducibility of HYPER-I plasma, two-dimensional 
potential profile can be obtained from multiple 
scanning. 
A typical 20 potential profile of the plasma hole is 
shown in Fig. I, where helium gas was used to produce 
the plasma at the pressure 5.5 x 10'4 Torr, and the 
microwave power is 10 kW. The plasma hole has an 
axisymmetric bell-shaped potential structure, the value 
of which increases toward the center and exceeds +80V 
that is approximately the fivefold value of the electron 
temperature. The drastic increase begins from the 
position x-30mm, where the density profile has the 
steepest gradient characterizing the plasma hole. This 
result shows the localization of strong electric field in 
the hole plasma region, which drives vortex motion of 
the plasma. 
Then we evaluated the degree of quasi-neutrality 
breaking, on/n, from the Poisson's equation: 
E, '1' ¢ = -eon, where on = n; - n " Under present 
experimental conditions (I; -20eV, L=15cm and n -1.0 
X 10"cm,J), the typical value of on / n is estimated as 
-10". The actual deviation 0 n/n determined from the 
experimental result predictably exceeds the expected 
value. As shown in Fig. 2, the hole plasma is ion-rich, 
where 0 n/n is approximately three orders of magnitude 
higher than that of usual laboratory plasma. Moreover, 
the electron-rich region surrounds the ion-rich hole 
plasma; the electric double layer across the magnetic 
field is formed. This situation also means that a vortex is 
surrounded by another vortex with opposite polarity. 
Similar result has been observed in pure electron plasma 
experiments performed by the group of Kyoto 
University, and it may be said that the situation is 
generally found in vortex formation of charged particles. 
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Fig. I 20 Potential profile of the plasma hole. 
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Fig. 2 on / n profile of the plasma hole. 
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